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^-v: 1/E 



mim 1 1 

C : 0.04%&±, 0.13%&T> 

Si : 0.3 %m±> 1.2 %JSLT, 

Mn: 1.0 %m±, 3.5 %&T\ 

P : 0.04%mT, 

S : 0.01%&T23j:tf 

Al : 0.07%&T 

|RjOfflMPgOJk7&*0.85£H±, 1.5 JJlT«*tL, L*4W>t>f hffiOtv'aS 

»*aii:iiv>t, 
Cr : 0.5 %&T\ 
Mo: 0.3 %J21T. 
Ni : 0.5 %&T£<fcl> f 
B : 0.002 %£IT 

[W*«3] 

Ti : 0.05%&T*5 
Nb : 0.05%JilT 

C :0.04%RJt. 0.13%&T\ 

Si : 0.3 %J2Lt, 1.2 %£HT\ 

Mn : 1.0 %&±> 3.5 %J£1T\ 

P : 0.04%&T\ 

S : 0.01%JSLT* ZXf 

Al : 0.0796&T 

„ ov>-C30%JBUtu 70%JJHT^E£T^t?^WffM*i&L^^*>^ (W«3 3Wt CC) +^ 
SJET^ (%) X4.5 ) CC) EJLh. («flSl»)iftJK CC) +<^MJET^ (%) X5.5 ) ( 

-c) jsLTofflft*^jin*»Us ^©t> TO*saiaa : io*c/s&±oj£Kt? 34o*cia.T£-c 
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[0 0 0 1] 
[0 0 0 2] 

&*?>BI3ft3££ (TS) 590 MPaa±©*»*il*t±. *»tt*«»v^*K. -ttffl$*L* 
[0 0 0 3] 

;Vy-y^M h o^^ b h h^7& ? 5 M m JJITT^ «5 „ Mfc<?><$&b LXtnXmk1i&&0. 13 
JSLt, &fcffcJfc**75%J2JlT\ 3l3S&£x£:#tW 18000 MPa • %JSUt. Jt*n.2 JSlJt 

& c t *%m. t -r % % <dx$> & o 

:«ttt #8lfc3IMUfc (JIS »»Tt4 0.001-0.01 s" 1 ®*) fc*m*SnHR 

mvfcLxwm-tz t, wmw&msm*2fi&mt*m}ix£%^t^ ; )mmtf$><otz 0 

[0 0 0 4] 

2000 s" 1 W»iRi^^^--«:|6l±.***i fc^W^ttrv^o tM* 2000 s" 1 

-*mM&Z>tz*b\z&m%*frfe.xlb&o ©^*^-MfflSM*f^ WBI-c^SEB-*- 
ft^^-f*!**** 10 2 ~10 3 s-^CitSo 10 2 ~10 3 s- l X<DmJ& 

cit\ Bib it bit* t>-f*igJS^l0- 2 ~l0- 3 a -1 OlSROtUfc) B#<7>5ilJ£ 

t^-tS, t>-f*3[K3&« 10 2 ~10 3 s" 1 ^^ (»») «BfO^K<SJfc£^i*U 

[0 0 0 5] 

L*»uft3&«e>x i<Di^ft^-r*»mos- 1 ejR-coiRJix^*^^"-*^iJt$* 

Z^m^^XlilibAsFmtZfrX^te^o 
[0 0 0 6] 

#ff:£ii£3 fc»4. %@*-Xxf-f h *10%&_t$l§ J: o"C, 
[0 0 0 7] 

ffiIE# 2004-3085979 
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jj:^;, v^fVt'f htfHSSttffiKIM X-tfia?ttJ&**tK 1 jam J&TOffifc-fr'f XT? 
*«*fc*K #f&E#fc«>*fctt , ?l^ Oi**aKl0s- 1 eKT?o?RiRJ-^^^r-t?fHffi$*t 
[0 0 0 8] 

mwr-xm 1 1 #^¥11-61327 

[#l«tiSfc2] mWtm 3253880#&«t 
[»MFjdR3] #^BB61-217529^» 
MSitttlWU] #IB¥10-147838-9^«l 

[##fir5:ifel] Proceedings of the International Workshop on the Innovative 
Structural Materials for Infrastructure in 21st Century pl89 (Fig. 4) 

i%mm&: L£7t-r& mm] 

[0 0 0 9] 

f^yy, (tsxei) *fa_hS-»i\ *ojE»rM**aK3& t i0s- 1 SBE»=*»t4iMlr*'Hrtt* 

& o 

[0 0 10] 

^aw? g « t -t 2> $ t mb*fr'&.mt$L<n t & *) -cafe ho 

(1) 5l$3ft3 (TS) > 590 MPa 

(2) !&af-#a r >*9>.X (TSXEI) ^ 16000 MPa •% 

(3) mwfftt: o-r^sanos- 1 -^ 

(a) W10%I'C<?)M^^^ : ?-: 59MJ-m- 3 m± 

(b) TS : IMPa Mtz «9 Othi* *10%* T?<^IRJRJ.*/I/^- : 0.100 MJ • m"VMPam± 
[0 0 11] 

tt-f*»K : i0s- 1 "eof&*-t>-r*M#*ffiJKa<^^ ; 2'^^^- «^*e>-tsii 

h^wCT^^ffinWK^SffiK^^ffiWRS^Jfc^O.SSJBli, 1.5 »Ti:U 
[0 0 12] 
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[0 0 13] 

$&W*fct±N C, Mn, S\*3E.t-f%$i l fr^7y**JL3z-tZ> t&K, 
[0 0 14] 

niiff>©Mt-ii, z>irfri&mios- 1 mm^<vwi^*>i'*-?nffi2 &&&&&&& 

t<om (CffiH SrB£ £ ft 4> o £„ 

^-©ISf, t>T^ft : 10s- 1 T?<A'&JK^*;V'3 r -£[Bj±£-£& £ t K$u%3 Ltz a 
[0 0 15] 

Sfe* f i?r«l4^-y : iE*tUfe»*C«ll36Lfco iOt^^lftiKISLtli, EES** >f X £ 15 i* 

ri— »cLT«ije*ffofe 0 A^ttfcti. mm<D±% z bj£mmmz$>2>mm.m2 (=cont 

act depth ) *»50±20nm^* & 3: ? fcfiTEfcPliELT, fciflljgLfco iO^^K«tO 
iaii^J350 nmt^^o £8GPa JBH±. "T * £ K * *K ^fJfe^WifWtt* 1 !* 

[0 0 16] 

1. Jt*%TN 

c : 0.04%m±, 0.13%£1T\ 
Si : 0.3 %JSL_h, 1.2 %J^T> 
Mn: 1.0 %£l±, 3.5 %VXT, 
P : 0.04%&T^ 

s : o.oi%mT^it>* 

A1:0.07%JS1T 

|pI<7)ffiF^Pi^it^0.85^±> 1.5 £lT«5:tl^ L^^t^t-V*^ hffiO^^fllS 
tf* 8 GPa J0L±T? * « i * "t * ^55S* ^SiPfe 
[0 0 17] 

2. ±iai k^t, aiflc^ $<b^gfi%t?, 

Cr I 0.5 %&>T, 
Mo : 0.3 %£1T> 
Ni : 0.5 %J&HT*3J:U P 

B : 0.002 %mr 

mSE# 2004-3085979 
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[0 0 181 

3. JblSl Sfctt2 tCiSV^T, 
Ti : 0.05%mT23 
Nb : 0.0596JSTF 

[0 0 19] 

4. 

C : 0. 0496 Jii_t^ 0.13%J^T> 

Si I 0.3 %m±> 1.2 %J21T, 

Mn : 1.0 %£Lh. 3.5 %&T\ 

P : 0.04% GUT, 

S : 0.01%£n r i3<i:U f 

Al : 0.07%J»T 

mt4«l«i:4SiX7'/t, ftKJEJEfc, 450*C&±. SSO'C&TOi&ft-CW*) 
„ ov*T?3096EU^ 7O%J0LTOaT*t?^IWffi5£«rifeLfcO*), (*M!ll)»ft (X) +<$ 
3£JET^ (%) X4.5 ) CC) JBLh, (WD M CC) +<%3£JET^ (%) X5.5 ) ( 

»T<&aft*fcinHfcu : iot;/s&±<^ft-e 340*cmTt^ 

[f&9!«>8M 

[0 0 2 01 

aus-fl^t? ^othr^aft^ios^sftoae^c 

[0 0 2 11 

C : 0.04%m±. 0.13%JTF 

Cii> BI5R3^$ (TS) *aBUfca> >n-^U $ & K^JI/t- HWs*10%J2Ut 
fc-TSfe*^ 0.04%JSL±O^**i^R"C«)*o L*Lfc**fc, Ctf*0.13%*«*.S fc* 
»tt*^fL<^ki"S/ii6, _hPl^0.l3%i:1-So fftL<tt0.07~0.12%O<Effl-e*S 

[0 0 2 2l 

Si : 0.3 %J2Lh, 1.2 %J21T 

35*5E*"e*>&o Jc*tt**^^7">"9--f >0*ffc*IS.lLU :?-y$tl£*ft±£-££ 

fcifrKttO.3 %Jei±OSi*#^«**ifitS* 1 **o L^Lfcrt*^ 1.2 %*jH*.T»*lfc 
*3bpLTtiO«i*lil65fpU trb*'fbJft«!tSit^*l-^1g:T*ffl<fcie>. ±81*1.2 % 
ttSo t< tt 0.4-0.7 

[0 0 2 31 
Mn : 1.0 %JSl±, 3.5 %JilT 
Mnti, TS^590 MPa *«#■***:*£ 1. 0%m±^^r* s ^^*> U > K*3ftftKJSC 

-ci o %&-h^M*£*rs« tfc, Mnfi-^vx^'f i><D-?-y:®£f6j±. 

K4i»Tt»t*4, L^U^^Pj, 3.5% *3S^.*iftSH*«StDi±x 3lft*if L<±H- 
#0 f *16T$-frSOl?. ±R* 3.5%fc-TSo $f£L<t± 2.3-2.8 %t?fe4o 
[0 0 2 41 
P : o.04%mr 

ffiSE# 2004-3085979 



!&m. 2004-208834 



5/ 



Sfttv^ 0.04%£T-tiSm-C§&tf>-tr, P^S:ti0.04%J^THtlJI®i-^>o Sf£L< 
{i0.02%J^Tf*^.o 

[0 0 2 5] 
S * 0 01%J5^~T" 

T-{±I^#-C#SWC% S^iti0.01%^TtcflJ|5i-r^o $f£L<& 0.006%&T"e&£ 

[0 0 2 6] 

Al:0.07%^T 

001 %mt?^-i>ii:^^t^ 0 LfrLfttfh, 0.07%£jgxT^£-£& iff 

< {i0.05%mT-C^)^o 
[0 0 2 7] 

Cr : 0.5 %&T 

JiRfc 0.5%iL^ o flF*L<i± 0.2%»TT*&o 
[0 0 2 8] 
Mo : 0.3 %£IT 

iO^«r#*^*^{±0.05%J^±^$^*itW^ LV*rt», 0.3 %*@x.T-^ 
%iZ-&2>tl§fflm}£'&*&T2*£Z><W, 0.3 %JaTKR5£Lfco ff*L<li 0.2%J^T 

~C <£> & o 

[0 0 2 9] 

Ni : 0.5 %J^T 

^<?5^^#S^*^{i0.05%m±^*$-iir^>^i:^« : ^ bv^«, 0.5 
#$«fc#IWE®t£O<g;T*ffl<<0-C, 0.5 %JBnFfcRJ£Lfco »S L < tt 0.3%J^T 

[0 0 3 0] 

B : 0.002 %&TF 

iO^i**#*5t*twt±0.0005%m±#^$^:^ii:* s *ft Lv^*. 0.002 %£j£x. 
T fc?frHlffii£te*>teT*fH< 0.002 tt&TfcPRJgLfco 0£ b < ti 0.0 
01%JSLTT-2b*o 
[0 0 3 1] 

Ti : 0.05%J£TF ^ ^ ^ 

ffflfJih^iJ. :«^#J/:)6i:ii> Ti* 0. 005% £1.±#* mtZZttftt 
JLv^, 0.05%*jSitT#J^^S*Tfc*o&:Sm*^«fc*. ±E1£0.05%£: 
Lfco #2L<& 0.005-0. 02% OtEH-e^^o 

[0 0 3 2] 
Nb : 0.05%mT 

tBSE# 2004-3085979 
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-r&£ae>K<£JS-r&£i3*-c£<2>o co»**»*fcie>ctt, Nb^o.005 %i2i±^rs* 

£0. 05% t LtZo tfrt L < ttO. 005-0. 02%<7)®Ht?* * o 
[0 0 3 3] 

fcP»J»^b»=J: 0#TO^ s 1g:T-r^^^*^^ie)> ^-O^«(±0.005 
[0 0 3 4] 

7x7^f : 50%JBJL± 

mi£-WO t '*7>A (TSXEl) £ 16000 MPa • %J£Lt 1 Kli, jffliHfc^flcfc**"*- 

7x 7 oaMSi»^(4^^*> <**>-*-r, 

[0 0 3 5] 

v;Vf>t-f : 10%£Lt 

aiK-#U r M9>^ (TSXEl) £ 16000 MPa • %ick±.t L % #oWHf*#te&ft-t3"£ 

© Sf aWEffi 1±20~40%«BE-C* & o 
[0 0 3 6] 

, ^mo%J^T^<£*l£^-A^ i &&^ 0 tffe<£>*lt^ *#Bjfcfcfc, *-*T-i- 

[0 0 3 7] 

±^U7x7^ i^rvt'f h^t±> ES^faWtrfcWrW^ 

«ffl/4 ffi*»--Cj|a««*L-C*5£-r*t»f iv> 0 1-&frt>, JEJE^lSH^frfclSriSfcanB 
WJS^ 1.5 %t-f^-Wtxyf'//U &J?l/4 tt«fcWTT, jfeili^Itti 
(SEM ) -ei000^OWSrffi^U> v ;v-r >"9">f h^t7x7^ h»0-is 

[0 0 3 8] 

vjvf>t^ Yifc<Dim%favmmmKtt?z&m*fa<nttfflm<z>i£ : 0.85W±, 1.5 m 
T 

a&JBE-fttf^v* (TSXEl) * 16000 MPa- %m±i U frolKf ^.jgJS : 10 s _1 T 
cO^f^Mi-COfH^^^^-^ 59 MJ • m- 3 m±T% ^TS : IMPa Mti*)<DX> 
-f *10%it?O®UR^^;V^- ^0.100 MJ • m"VMPa J&Ltt&lSi"* £*>ffi 

[0 0 3 9] 

ttiSE#2 004-3085979 
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[0 0 4 0] 

hffi^OT*I^OffiMIW^i-4ffi3S*|fi!IO*MIWOjfc«:, 0.85&±, 1.5 JiTtiWt 
Sifc^fiS-CftSo -J-fcfct^ v;vr>t^ hffi«D«USE*fi!Offiliai ! Htc*j"t*JEiE*lRl 
O^KPIOifcTfr* l.5fcjBx.*i:, OT^^ffilWHI^WUTJEffi^lRlOffiWHI^lK < «: *) 

vjVfVt^ hfficD^JJ^|^OffiF^IliC^i-SJE®^tp]^ffiKPiOJt76 2 0.85J^± 1.5 
[0 0 4 1] 

[0 0 4 2] 

^f'/t-f hfficOJffl^PSJtfi. 1000te<9SEM ^±"CEE]ffi^t6j^¥ff*^|oI^«t tfSR 
[0 0 4 3] 

iic, ±m<r>m%M&zmir 0 mTbmmz&zoimtf&titb. mix-it, 

(ai + a2+a3+a4+a5) /5 
(bi + ba + bs) /3 

1 (31 + 32+ 33+ 34+ 35) / 5 } / j (bl+b 2 + b 3 ) / Z\ 

[0 0 4 4] 

■^y^T-y^YA Yffi<nj-;mz : 8GPa m± 
s<bi^ : iOs- 1 -eot>T^io%^-e<^(K.j|x^^^^-^ 59 MJ • nr 3 ui± 

X, ^OTS : IMPa mtz *)<7)T>-?Zh 10% £ -ecDMSl^*;i" ^-^0.100 MJ • nT 3 /MP3 
£LLfcv*ds «tLfc»»SE#tt*W*^*K»± N -rfrTyy-J Yffl<Di-;mZ* 8GP3 & 

ffiSE# 2004-3085979 
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^-y?E$*«8GPa £»fc&v>i:, 3Sm-#ir^7>'^ (TSXE1) 
fiT-f*o dosfi(i> ^-y®$n«t VWMZtiz-rfrTy^J 

[0 0 4 5] 

EH*<fc£l&*L Hysitron*±^TRIB0SC0PE£fflV>Tv;Vx>^'r b 0®£15.££il!l 

0 £#«jfctt, JEmo^c^^ fcJfc0H»«fc*>4ffiKa&3 (=contact depth ) **50±20nm 
i:4U9i:*iiSISL'C, «S £M5e-r&o i©i §^JEm^ iasi&350 ±100 nm 

[0 0 4 6] 

[0 0 4 7] 

: 450 "CJ^JLt. 650*0 KIT 
*WJE©ft©*fl5t 0 »K3&* 450*Cfc:#5*:fcv>i: % f&3M<9&iKa*£& < £ o t:^WJE@14 

wl, ai^riEMt«t^feWii< 650 -ca-eii, m>k« 

&v> 0 &J3 N »4Lv»*JR»)iaEtt 5001C^±, 650t:ja.T-C**o 
[0 0 4 8] 

?&WEEJ£©EET*s (#3iEET^) I 30%J2Lt* 70%&T 

^offlraiS^i-^£E®^t^O*iraPioJt7&*0.85*itt4«9, ISitS^^rVt'f 

4 \ m <dm m m it & mfeomm t -r %> £ t * 4 v> 0 

[0 0 4 9] 

tra?MJKi&: (OTtooft Oc) +^®jeet^ (%) X4.5 ) (V) m±, (fcswaK 

CC) + <£?£EET^ (%) X5.5 ) CC) 

tz * > ?friw£E®»c w v^fiSTjn^t & c t tf 2 'J&^ t tt & e 

#4 Lv\, #H^JEETW60%m±fc^v>^^ti^--^f-^'f h*ffi*ft* 

tBSE^F 2004-3085979 
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[0 0 5 0] 

& «? , ifc3>f tt>fcot$£Lfctf««:fta£i: **BS£ t & & £ * x 

i^Miajg^-eo^#^^^30TO±t-t^«ii:W^ L^o — 2u &WWm& 600# 
*jBx.*fc«l**«l&5faL^ bO_t*.*«<rt**t i: ft «#l$IB<0±IRtt 6 

00# fc-f&i tv\ 
[0 0 5 1] 

\fm®nwLm-?<D$i)&Mm (mmm ttv^) *3ou^ja± t lt *> «t u &*&zuc3i 

[0 0 5 2] 

TO^^JiiS : lOtJ/sJSliOjSK-C 340 < C&T£-C?$-*P 

?&aij*iK**iot:/s*iSti fett^-WflfjhiftfiE** 340*CjH-ctt, Emt-t&^n'TWH y 

cc) +^®)et^ (%) X4.5 ) (X) &hmm#n&!t&&Z"z<o*p*ii*tm 

— 50'C/s ; S:j@x.^^*P^^ti? ! P*P^W— D * < * £v»-CBrj£<D 
#tt#»fc*Lftv>»£-j&**afcie>, J^4PiiJK(±50 < C/smTi:1-^^ Lv> 0 
^itOIV^tt 30013 "Cff^ Z-kimt L<> $6K:ff*L<li 275t)JBI.T*T? 

[gifcffl 1 1 

[0 0 5 3] 

?7*fcL;fcO*>. C 1100- 1250TCKMk&* * 2 «K ov^t 

fci3, gel tc^i-Acslix ®JE®^tc^L/iv->/N*-^^^J'9ffiL^^>7 p ;V^o 
[0 0 5 4] 

(a) JfiflMHSfc J: a 7 * 9 >f hfi-sp, v^r^t'f h^l^i^^rVt'f 

7x7^ >i3iO f ^;vx>-9->f hfl-^stt. ilfft, 1.5 %tO-)K:ti7fv 
tSIl^Iti (SEM ) -eiOOOf&O^JIfciH&U ■v^T-v^'f ^5-2:7x5 

^3 <^No.37lCov^-Cti> ±IflL£^<^<7>;fflOffl$5?-£ov>-T:<Z>SEMK J; 

ffilE#2 004-3085979 
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2>ffi&m'etem&<nmm*nfc-ez%fr-?ttz>* sem «»*fTofcffcft*/Bv^ ebsp 

(Electron Back Scatter diffraction Pattern) K X ZMtit*^^ K-tOto^ffi*** 

vjVfVt'f MS Offifig HJtt^ lOOO^OSEM ft TO 

J?*|RlP-€-ttW50Aim O]tm*20^m ELhOWPi-e 5#3I -e©«l±H^Lfev^/ 

[0 0 5 5] 

Hit, ±Eoaj»«**i-o H#*5*ifcfc*<0*»*t*fc*. BITtt, EI^lS] 
CTff4^*i^«W*I^K-€-tL-€ f ftl*oai ! S:3lv>xS4WSrtr^o 

(ai + a2 + a3 + a4 + as) / 5 
(bi + ba + ba) /3 

i (ai+a2+a 3 +a4+a 5 ) /5} / 1 (bi + b 2 + b 3 ) /3| 
[0 0 5 6] 
JIS Z 2241tiHmU^fe"efi 1 o/co 

(c) w/Dv *ttiz£2>z>-?&mmio/s'eoymm3m*)&,8ti*, m'smmm<o-mt) 

zruy9&ffiW%\ymM$L (TS-2000) *M^X, SMJjfa bUMttfil tt>-f *iSJK : 
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